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ABSTRACT

The representative elementary volume (REV) of porous media is one essential and
necessary parameter when inferring Darcy-scale flow properties from pore-scale studies.
Suitable and accurate size of REV has a great influence on the geometric-topology
calculation and flow simulation. Generally different types of rock can have different
REVs.

In this paper, a micro-CT based digital rock technology is used to characterize the REV
of sandstone from the Sulige Gas Field in the Changging QOilfield in China. Firstly, the
digital core of the sample is obtained by micro-CT scanning of rock samples with the
resolution of 3.4um. Secondly, respective pore network models, with the voxel size from
100x100x100 to 600x600x600, are extracted from the processed micro-CT images.
Thirdly, single-phase and two-phase oil-water flow simulation are performed on these
models to get geometry-topology and flow properties of each model.

According to the data obtained above, porosity, coordination number, average pore radius
and throat length are used to identify the REV firstly. In addition, the parameters of the
standard deviation and the coefficient of variation are used to evaluate heterogeneity and
to confirm the REV. Alternatively, the REV can be determined to the point where one
standard deviation is within +/- 5% of the sample mean. By combining the two methods,
we finally determined the REV is 1020x1020x1020 um?® for tight sandstone in Sulige
Gas Field in Changging Oilfield China, whose corresponding grid size is 300x300x300.
Consequently, this result can direct the further study of the tight rock in this reservoir.

INTRODUCTION

The length scale of Digital Rock models and respective sample sizes is one of the key
parameters in processing the digital core. The proper choice of the considered sample
volume can not only provide the right physical property, but also can use the less
calculation process and time. The key step to get an appropriate length is to determine a
representative elementary volume. The REV concept has been discussed in the
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calculation of effective petro physical properties in reservoir evaluation in many
publications™.

The representative elementary volume (REV) is the smallest core unit which still
represents continuum porous media properties and on the basis of which macroscopic
parameters of the porous medium like porosity and permeability can be analyzed. The
size of an REV is different to different kinds of rocks. In most studies’® *! the REV is
based on porosity, however it is expected that the REV varies for any petro physical and
flow property, i.e. that the porosity REV is different than the permeability REV. The
underlying reason is that certain features in the pore space like pore throats have much
less contribution to porosity but largely control permeability and 2-phase flow, however
it has been shown experimentally that a 2-phase REV would be much larger than the
single-phase REV* 1. However, these conclusions are achieved by experiments but not
simulation.

In this paper the REV for tight sandstone samples in Sulige Gas Field in Changqing
Oilfield China is analyzed with respect to porosity, permeability, pore throat diameter and
length using pore-network models extracted from micro-CT images. An alternative way
to estimate the REV could be to consider the standard deviation and the coefficient of
variation of probing volumes of different sizes. Here this approach is compared to the
conventional approach to determine REVS.

METHODOLOGY

Tight Sandstone Samples

In tight sandstone, there is a complex relationship between the parameters of pores and
throats, such as geometry, size, distribution and connectivity, as the lithological is pretty
tight. Multi-scale phenomenon exists in the multiple microstructure. Since tight sandstone
gas reservoirs distribute in a wide region in China and the oil reserves are abundant,
getting knowing of their physical properties is important for the exploration and
production. As a consequence, the REV of the tight sandstone is different in different
regions.

One typical tight sandstone sample from Sulige Gas Field in Changging Oilfield China is
prepared and used for imaging and REV analysis. After a series of process such as
cleanout and porosity- permeability experimental measurements, the rock is drilled into a
column whose diameter is about 3 mm to acquire more accurate CT images.

CT Imaging and 3D Digital Rock Reconstruction

CT has been utilized widely for the micro scale study!®. Rock core sample is scanned by
an Zeiss MCT-400 X-ray computed tomography machine at 140KV and 71pA at a
physical resolution of 3.4 um producing a 3D volumel™ with 1000° voxels as displayed in
Figure 1.

In order to identify the REV, six kinds of 3D digital cores (Figure 2), whose voxel sizes
from 100x100x100 to600x600x 600, are extracted from the whole digital core to do
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the following analysis, including filter by non-local means method and segmentation by
watershed segmentation method.

Pore Network Model Extraction and Analysis

The digital core acquired above is simplified into pore network model which can reflect
the authentic rock physical property and improve the calculation time. This pore analysis
tools used to extract pore network from 3D digital rock was developed by Jiang et al'®,
which is one new thinning method describing an efficient and accurate algorithm for
extracting the geometrical/topological network that represents the pore structure of a
porous medium.

In order to avoid the randomness as the heterogeneity of the formation existing, we
extract six subsamples whose grid size are 100° which are not overlapping, four
subsamples whose grid size are 200% which are not overlapping, four subsamples whose
grid size are 300° which are not overlapping, three subsamples whose grid size are 400°
which are not overlapping, two subsamples whose grid size are 500° which are not
overlapping, and two subsamples whose grid size are 600% which are overlapping only
one little part. Calculation of subsamples of different grid size below is carried by all of
these datasets, and the value is the average value.

The six typical extracted pore network model is shown in Figure 3. And the average
connected porosity got from these datasets is shown in Table 1.

Table 1 Basic parameters of the six subsamples

Subsample 100°  200°  300°  400°  500° 600°
Porosity/% 463  4.04 2.56 2.52 2.54 2.53

average pore radius/pum 5.61 6.95 6.54 6.46 6.51 6.43

throat length/pm 186  21.9 22.7 22.9 23.1 22.8

shape factor 0.0528 0.0504 0.0511 0.0513 0.0515  0.0513

average coordination 343 323 329 329 323 3.29

number

Permeability/10°pm’ 1414 1527 1.30 1.33 1.30 1.32

RESULTS AND DISCUSSIONS

Geometry and Topology Analysis

Geometry and topology properties of one sample are important in analysing the pore
network model. Geometry properties include pore radius distribution, shape factor
distribution, and throat length distribution and topology properties include mainly
coordination number distribution ). Figures in Figure 4 illustrate the geometry and
topology properties of this tight sandstone sample. In terms of the data and figures,
average values of the basic parameters of the subsamples are shown in Table 1.

Flow Analysis

The permeability is estimated from the network permeability performed in the pore
network model according to percolation theory™®. The average absolute permeability
data is shown in the Table 1.
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Comparing the permeability, porosity, average pore radius and average throat length of
the six kinds of subsamples, as shown in Figures 4, the four parameters begin to be
independent of the averaging volume from approximate 10° pm?®. Thus, the subsample
whose grid size is300x300x300 is the most suitable REV choice, or one cubic whose
volume is 1020x1020x1020 pm? can reflect the basic petro-physical properties.

Parameters Analysis

Based on the calculated REV, heterogeneity, as one characteristic of tight sandstone in
Sulige Gas Field, is evaluated and reflected by the following parameters, so standard
deviation and the coefficient of variation is introduced.

The parameters of the standard deviation o shows how much variation from the average

N
exists. It defines as o= f%Z(xi_ﬂ)z , Where N is the corresponding number of
i=1

different subsamples of one voxel size, u is the average value of corresponding
parameter for different subsamples of one voxel size, and x; is the value of one
parameter for different subsamples of one voxel size.

From the Table 2, we can get that the standard deviation varies little when the grid size of
subsamples is bigger than 300, and the standard deviation change differently when the
size is lower than 200.

Table 2 The standard deviation of porosity and the simulation value of the six subsamples

Subsample 100° 200° 300° 400° 500° 600°
Porosity/% 1.307 1.880 0.111 0.108 0.110 0.095
Permeability/10~pm? 7.103 6.288 0.067 0.065 0.065 0.057

average pore radius/pm 0.608 0.488 0.308 0.306 0.312 0.309
average throat length/um 1,566 1.794 0.125 0.122 0.125 0.123

Compared to the standard deviation, the coefficient of variation is more specific in
reflecting the variation as this need not to take the average value into consideration. The
parameters of the coefficient of variation c,is a normalized measure of dispersion of a

probability distribution or frequency distribution. It defines as ¢, =2, where o is the
U
standard deviation and x is the average of these six values of one parameter.

Table 3 The coefficient of variation of the six subsamples

Subsample 100° 200° 300° 400° 500° 600°
Porosity/% 0.282 0.464 0.043 0.043 0.043 0.038
Permeability/10~pm? 0.502 0.412 0.050 0.049 0.050 0.043

average pore radius/um  0.108 0.070 0.047 0.047 0.048 0.048
average throat length/um  0.084 0.082 0.006 0.005 0.005 0.005




SCA2014-036 5/6

In terms of the Table 3,we find that the variance decreases as the subsample size
increases. The REV computation, which is fitted to the line of one standard deviation
about the sample mean, is extrapolated to the point where one standard deviation is
within +/- 5% of the sample meant™!. Based on the data above, 300x300x300 is fitted
to be the REV of this sample.

CONCLUSION

In this work, based on the CT images and 3D digital core reconstruction, a non-
destructive 3D image is obtained. Then, a binary dataset is constructed to do further
analysis. The geometry —topology, which is got by the thinning algorithm, and flow
properties, which is got by the percolation theory, were compared among the six
subsamples. Based on the data obtained, we can get that the REV is 1020x1020x1020
um?® for tight sandstone in Sulige Gas Field in Changging Oilfield China, whose
corresponding grid size is 300x300x300. An alternative way to estimate the REV could
be to consider the standard deviation and the coefficient of variation of probing volumes
of different sizes. Here this approach is compared to the conventional approach to
determine REVs.
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Figure 1 Original image of the sample with the Figure2 One of the six digital cores, and the
image is the sample of 600x600x600 .

resolution of 3.4 um.

Figure 3 Pore network models of the six subsamples from 600x600x600 t0 100x100x100 .
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Figure 4 Different parameters at at different size of sub-volumes
(a) Permeability at different size of sub-volumes. (b) Porosity at different size of sub-volumes. (c) Average
pore radius at different size of sub-volumes. (d) Average throat length at different size of sub-volumes.

(d)



